contribute to CLL pathogenesis remain to be elucidated, many lines of evidence implicate IRF4 in B-cell biology and suggest it as the target of the gain. IRF4 is somatically mutated in 1.5% of CLLs 13 and translocation breakpoints near IRF4 have been previously described in CLL.
The partial tandem duplication of the MLL gene (MLL-PTD) was the first somatic mutation associated with a trisomy aberration in AML 1 and the first molecular prognostic marker identified in CN-AML 2 where it was associated with shorter disease-free survival.
2 -- 4 We recently reported that the adverse prognostic impact of MLL-PTD in younger (o60 years) adults with de novo CN-AML may be abrogated when more intensive consolidation regimens are implemented. 5 However, the patients with MLL-PTD who relapsed generally had a second adverse molecular marker, such as FLT3-ITD. 5 In contrast, the clinical and biological impact of MLL-PTD in older patients with CN-AML is not yet established. Thus, we evaluated blood or bone marrow samples from 226 consented newly diagnosed de novo CN-AML patients agedX60 years and treated on Cancer and Leukemia Group B (CALGB) protocols for the presence of an in-frame MLL-PTD transcript using PCR/sequencing and confirmed using real-time PCR. 2, 5 Assays to detect other molecular aberrations with prognostic significance in CN-AML, and genome-wide gene and microRNAexpression profiling, were carried out centrally (Supplementary Information).
Baseline characteristics were compared between MLL-PTD and MLL wild-type (WT) patients using Fisher's exact test for categorical and the Wilcoxon rank-sum test for continuous variables. Clinical endpoints were defined according to published recommendations (Supplementary Information). Achievement of complete remission was compared between MLL-PTD and MLL-WT patients using the Fisher's exact test. For time-to-event analyses (that is, disease-free, overall and event-free survival), survival estimates were calculated using the Kaplan --Meier method. Survival data for MLL-PTD and MLL-WT patients were compared using the log-rank test. Statistical analyses were carried out by the Alliance for Clinical Trials in Oncology Statistics and Data Center.
MLL-PTD was present in 13 of the 226 (6%) patients analyzed. The frequency of MLL-PTD in the current study is slightly lower than that in our previous report of younger adults with CN-AML (10%) 5 but is in line with reports analyzing exclusively older patients (4%) 6 or both younger and older CN-AML patients as a single cohort (7.5%). 7 Compared with MLL-WT patients, MLL-PTD patients had lower hemoglobin levels (P ¼ 0.001; Table 1 ), lacked CEBPA and IDH2 R172 mutations, and 11 of the 13 MLL-PTD patients lacked NPM1 mutations (NPM1-WT) (P ¼ 0.002; Table 1 and Supplementary Figure S1 ). Approximately one-third of MLL-PTD patients also harbored a FLT3-ITD, which is similar to our previous findings in younger CN-AML adults. 5 However, contrary to another study reporting frequent co-existence of mutated RUNX1 and MLL-PTD in AML, 8 we found these two molecular aberrations concurrently present only in three older patients with primary CN-AML. Aside from one patient, mutations in the genes encoding chromatin or epigenetic modifiers (DNMT3A, TET2 and ASXL1) appeared to be exclusive of each other in the MLL-PTD patients (Supplementary Figure S1) . However, the majority of the older patients with MLL-PTD had at least one additional mutation in an epigenetics and/or chromatin remodeling-associated gene. This further supports the view that altered epigenetics and/or chromatin remodeling may constitute a crucial mechanism in AML leukemogenesis and is consistent with our previous report of an association between MLL-PTD and increased global DNA methylation. 9 Importantly, therapeutic targeting of the involved epigenetic and chromatin remodeling factors and/or pathways can potentially prolong survival in these older adults who generally cannot tolerate current chemotherapies and/or transplantation. Other clinical and molecular features studied did not differ significantly between the MLL-PTD and MLL-WT patients (Table 1 ).
Complete remission rates were similar (69 and 67%) between patients with and without MLL-PTD, respectively (P ¼ 1.00; Table 1 ). Median disease-free survival was 0.7 and 0.8 years for MLL-PTD patients as compared with the MLL-WT patients (P ¼ 0.45) and the The median follow-up for those who have not had an event is 5.5 years, range: 4.6 --11.6 years (n ¼ 15). The median follow-up for those alive is 5.5 years, range: 2.3 --11.6 years (n ¼ 19).
g The median follow-up for those who have not had an event is 7.3 years, range: 5.5 --7.4 years (n ¼ 3).
h The median follow-up for those alive is 7.3 years, range: 5.5 --7.4 years (n ¼ 3). An asterisk behind the microRNA's symbol indicates that this microRNA is the minor sequence generated from the antisense strand; the asterisk is part of the standard nomenclature for naming microRNAs.
Letters to the Editor percentages of patients disease-free at 3 years were 22% and 18%, respectively. With a median follow-up for those alive at 5.5 years (range: 2.3 --11.6 years) (n ¼ 19), overall survival was also not significantly different between MLL-PTD and MLL-WT groups (median OS: 1.1 and 1.1 years, respectively; P ¼ 0.38). By 3 years, the percent of MLL-PTD patients alive was 15%, whereas that of MLL-WT patients was 19% (Table 1) .
Recently the molecular heterogeneity with respect to NPM1 and CEBPA mutations and FLT3-ITD has also been used by the European LeukemiaNet (ELN) to classify CN-AML patients into two distinct Genetic Groups for reporting and comparing AML studies. 10 When we evaluated the prognostic significance of MLL-PTD in the ELN Genetic Groups, the MLL-PTD patients were more frequently classified in the ELN Intermediate-I Genetic Group, which is defined by the absence of CEBPA mutations and co-presence of mutated NPM1 and FLT3-ITD or presence of NPM1-WT with or without FLT3-ITD (P ¼ 0.007). However, as in the overall analysis, the presence of MLL-PTD did not impact on outcome endpoints in this Genetic Group (Table 1) . Although not directly comparable to ours, in a study that included both CN-AML patients and those with abnormal cytogenetics, Schlenk et al. 6 found no prognostic impact of MLL-PTD in patients older than 60 years receiving all-trans retinoic acid in addition to intensive chemotherapy. Likewise, Steudel et al. 7 reported that MLL-PTD did not impact on outcomes of a cytogenetically heterogeneous group of adults with AML. The lack of prognostic impact by the MLL-PTD in older de novo CN-AML patients may be related to the overall poor prognosis of this age group of patients regardless of the presence or absence of the mutation.
To gain insights into MLL-PTD-associated biology in older CN-AML patients, we performed microarray gene-and microRNAexpression profiling analyses. No gene expression signature was associated with MLL-PTD, despite the established transcriptional and epigenetics roles of normal and abnormal MLL protein in hematopoiesis and leukemia, respectively. However, the current finding is consistent with a study that included adult AML patients with normal and abnormal cytogenetics, in which no gene expression clusters or signatures associated with MLL-PTD were identified. 11 Although the reasons of the failure to derive a MLL-PTD-associated gene expression signature are unknown, they might be related to the presence of other molecular markers with stronger biological impact on gene expression.
However, when we examined the expression of the eight MLL probe-sets on the microarray, three (212078_s_at, 212079_s_at and 1565436_s_at) were homologous to the regions encompassing the commonly duplicated exons in MLL-PTD patients (GenBank accession no. NM_005933). These three probe-sets showed evidence of upregulation in MLL-PTD patients relative to the MLL-WT patients (PTD:WT fold-changes of 1.41, 1.74 and 1.61, respectively; Po0.005, each; Supplementary Table S1 ). In contrast, none of the remaining five probe-sets were differentially expressed between MLL-PTD and MLL-WT patients (Supplementary Table S1 ). These results correlate well with PCR/sequencing of the same regions of the MLL transcript, validating our MLL-PTD assay.
Contrary to the global gene-expression analysis, a microRNA signature was obtained when comparing MLL-PTD and MLL-WT patients' microRNA profiles ( Table 2 ; global test of differential microRNA expression, P ¼ 0.01). The microRNA-expression signature comprised 23 probes, representing 21 microRNAs, many of which have reported roles in hematopoiesis and/or leukemia. The minor transcript miR-196b*, underexpressed in MLL-PTD patients (Table 2) , is derived from the antisense strand of the miR-196 gene located within the HOXA gene cluster. Although a strong correlation between HOXA9 expression and expression of the major transcript, miR-196b, and an association of upregulation of miR-196b with reduced overall survival in AML have been reported, 12 the role of the related miR-196b* is unknown. The most overexpressed was miR-150 (2.1-fold); this microRNA targets c-MYB translation associated with altered erythroid --megakaryocyte progenitor commitment and B-cell maturation. 13 WT MLL and c-MYB proteins functionally interact to regulate HOXA9 gene expression, 14 a known transcriptional target of MLL-PTD. Another overexpressed microRNA was miR-142, previously reported to be a transcriptional target of the MLL protein. 15 We conclude that MLL-PTD does not have prognostic impact in older CN-AML patients treated with cytarabine/anthracyline-based chemotherapy. This may be related to the overall poor prognosis in this age group and/or simultaneous presence of other genetic aberrations that have stronger clinical impact that masks the influence MLL-PTD may have on outcome. Our work contributes to the understanding of the possible role of microRNAs in older AML by reporting the first microRNA-expression signature associated with MLL-PTD. The hope is that these data will aid in the development of novel approaches that improve the otherwise poor outcome of these older patients.
